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AMPLIFIER FEEDBACK AND BIAS
CONFIGURATION

FIELD OF THE INVENTION

The 1mvention relates to amplifiers and 1n particular to an
amplifier, having improved stability and accuracy, configured

for use 1n a wireless communication device.

RELATED ART

Wireless communication devices have become popular in
the United States, and throughout the world. For various
reasons, numerous different communication standards have
been adopted and implemented 1n not only the United States,
but also, 1n different countries. Associated with a communi-
cation standard 1s usually a requirement that the wireless
communication device transmit within a particular frequency
range, usually referred to a frequency band. Signals transmit-
ted outside of this assigned frequency band 1s highly undesir-
able and 1n violation of the standard and possibly one or more
governmental regulations.

Maintaining operation within the desired frequency band 1s
a challenge for wireless communications devices in general.
While many different factors must be accounted for to main-
tain operation within the desired frequency band, one such
factor that 1s particularly challenging arises from the chang-
ing 1mpedance associated with the antenna of the wireless
communication device. As 1s commonly understood, the
input impedance of the antenna 1s dynamic and dependant on
the environment of the wireless communication device. For
example, 11 the antenna 1s touched by the user or set on ametal
table or cabinet, the antenna’s input impedance may change
from 1nput impedance when the antenna 1s 1n free space.

As can be appreciated, changes to an antenna’s input
impedance creates challenges for a wireless communication
device’s power or driver amplifiers due to reflection. In most
instances, the amplifier’s output impedance may be matched
to the antenna’s mput impedance to maximize power transier
to the antenna and reduce reflection. When the antenna’s
input impedance dynamically changes, reflection of power
from the antenna to the amplifier will dynamically occur.

Such reflection 1s particularly troublesome when the
reflected wave creates an oscillation 1n the amplifier and 1s out
of the operating frequency band of the amplifier. Oscillations
may generate an electrical signal that 1s sufficiently powertul
to cause an output of band transmission from the antenna in
violation of the standard.

While various solutions to maintain stability and therefore
prevent large out of band emissions have been proposed, these
proposed solutions do not provide an adequate solution and
are not desirable from a technical and business standpoint.
One such proposed solution 1s to utilize a large capacitor 1n a
teedback loop with the power amplifier. This solution 1s unde-
sirable because 1t the capacitor 1s incorporated as an inte-
grated element on an integrated circuit, then the capacitor
would consume an undesirably large amount of space on the
integrated circuit. Alternatively, the large capacitor could be
provided as a separate discrete element, but due to cost and
s1Ze concerns, 1t 1s much more desirable to integrate the entire
circuit into a single die. Consequently, there 1s aneed in the art
for a stable power or driver amplifier configuration which 1s
not adversely affected by signal reflections from an antenna.
As described below, the method and apparatus as described
and claimed herein provides a solution to the drawbacks of
the prior art and also additional benefits.
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2
SUMMARY

To overcome the drawbacks of the prior art and provide
additional benefits, a wireless communication device ampli-
fier 1s disclosed that 1s configured to reduce or eliminate out of
band oscillations from voltage standing waves generated by
antenna 1impedance mismatch reflection. This configuration
1s also eflective 1n stablilizing the amplifier due to common
leakage teedback found 1n all realizable designs. The ampli-
fier 1s configured with an put, output, and biasing node
configured to receive a biasing signal from a biasing ampli-
fier. The biasing device draws current from the biasing node
while providing the biasing voltage to the output amplifier. To
adjust the magnitude and phase of the feedback over ire-
quency, a frequency dependant network 1s provided in the
teedback loop to selectively provide feedback to the output
amplifier to prevent unwanted out of band oscillations. The
frequency dependant network may comprise one or more
resistors, mnductors, and capacitors which are of small size
and may be integrated.

In one embodiment, a method for reducing out of band
oscillation from an amplifier 1n a wireless communication
device 1s disclosed. This exemplary method of operation
comprises biasing a power amplifier with a biasing circuit
such that the biasing circuit comprises a device or circuit
configured to sink current. This method of operation also
receives an 1nput signal at an amplifier input and then ampli-
fies the mput signal to create an amplified signal. The feed-
back loop selectively passes, on a frequency dependent basis,
a portion of the amplified signal through amplifier feedback
loop to the amplifier input such that a portion of the amplified
signal provided to the amplifier input reduces out of band
oscillation by providing more low frequency feedback than 1n
previous solutions. By way of example, 1n one embodiment,
more low frequency feedback may be provided than high
frequency feedback.

In one embodiment the amplifier feedback loop comprises
a resistor 1n parallel with a capacitor. It 1s contemplated that
the amplifier feedback loop may turther comprise an inductor
in series with the resistor in parallel with the capacitor. In one
scenario, the out of band oscillations are at a frequency lower
than the operating frequency band of the wireless communi-
cation device. As 1s discussed herein, the bias circuit config-
ured to sink current draws biasing current away from the
amplifier to maintain desired biasing.

Also disclosed herein 1s an amplifier output stage for use 1n
a wireless communication device. This amplifier comprises
an output transistor having an output node, an input node, and
a biasing node. Also part of the amplifier output stage 1s a
teedback loop, associated with the output transistor, elec-
tronically connecting the output node and the biasing node. It
1s contemplated that the feedback loop may comprise any
combination of parallel and/or series connections of passive
components to achieve the desired feedback leading to a
stable amplifier. Active elements may also be utilized. A
biasing circuit, in conjunction with this feedback loop, 1s
configured to sink current from the biasing node to thereby
maintain bias of the output transistor, which 1s configured as
an amplifier. The biasing circuit and feedback loop operate
together to properly bias the amplifier while also providing
the appropriate amount of feedback.

In one embodiment, the feedback loop further comprises
an inductor. It 1s contemplated that the feedback loop 1s con-
figured to provide feedback to the transistor, stabilizing the
amplifier to eliminate out of band oscillations. The biasing
amplifier that 1s configured to sink current may provide a
biasing voltage to the biasing node while drawing current
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away from the biasing node. In addition, the output node may
provide an amplified output signal to an antenna. As an advan-
tage of this embodiment, the feedback loop comprises inte-
grated elements.

In another embodiment, an amplifier 1s disclosed which 1s
configured to provide an amplified output signal to an antenna
node, which 1s connected to an antenna. The antenna 1s
capable of creating an unwanted retlection signal which may
comprise a low frequency, out of band oscillation signal. In
this embodiment the amplifier comprises a first amplifier and
a second amplifier. The first amplifier 1s configured to provide
a biasing voltage to a biasing node and sink current from the
biasing node to a ground node. The second amplifier 1s con-
figured to amplily an iput signal recerved at an iput node
and provide an amplified input signal to the antenna node
such that the second amplifier 1s biased by a biasing signal on
the biasing node. A feedback loop that electrically intercon-
nects the input node and the antenna node 1s also provided. It
comprises a frequency dependent divider network configured
to pass low frequency, out of band signals to thereby reducing,
low frequency, out of band oscillation signals.

In one embodiment, the frequency dependent divider net-
work comprises a resistor in parallel with capacitor. In one
embodiment, the amplifier 1s configured to operate in the
general frequency band of 900 MHz or 2 GHz. In contrast, the
out of band oscillation may be 1n the frequency range of 20
MHz to 200 MHz. It 1s contemplated that the second amplifier
may comprise an operational amplifier. Furthermore, the fre-
quency dependent divider network may be configured as inte-
grated elements 1n an 1ntegrated circuit.

Other systems, methods, features and advantages of the
invention will be or will become apparent to one with skill 1n
the art upon examination of the following figures and detailed
description. It 1s intended that all such additional systems,
methods, features and advantages be included within this
description, be within the scope of the mvention, and be
protected by the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The components 1n the figures are not necessarily to scale,
emphasis instead being placed upon illustrating the principles
of the invention. In the figures, like reference numerals des-
1gnate corresponding parts throughout the different views.

FI1G. 1 illustrates a block diagram of example environment
of use, namely a wireless communication device.

FIG. 2 1llustrates a block diagram of example environment
of use, namely, a base station.

FI1G. 3 1llustrates a simplified circuit diagram of a prior art
amplifier.

FI1G. 4 illustrates a simplified circuit diagram of an ampli-
fier configured with a biasing amplifier.

FI1G. 5 A illustrates a ssmplified circuit diagram of an ampli-
fier configured with a biasing amplifier and a frequency
dependent feedback loop.

FI1G. 5B 1llustrates an alternative embodiment of an ampli-
fier configured with a biasing amplifier and a frequency
dependent feedback loop.

DETAILED DESCRIPTION

FI1G. 1 1llustrates a block diagram of a first example envi-
ronment of use of the invention. The example environment
shown 1n FIG. 1 comprises a wireless communication device
but 1t 1s noted that this 1s but one of many possible example
environments ol use. It 1s contemplated that the invention may
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4

find use and provide benefit in numerous other environments
both 1n the communication field and other fields of use.

The wireless communication device shown 1n FIG. 1 com-
prises an outer housing 104 configured to protect and selec-
tively enclose the internal electronic apparatus. An antenna
108 recerves mcoming signals and transmits outgoing sig-
nals. The antenna 108 may be located 1nside or outside of the
housing 104. A duplexer 112 connects to the antenna 108 to
route incoming signals to a recerver apparatus, shown as the
upper path from the duplexer 112 and route outgoing signals
to the antenna.

The duplexer 112 connects to a receiver apparatus to
thereby route recerved signals to a low noise amplifier (LNA)
116 that 1s configured to increase the signal power level for a
particular frequency band to a level appropriate for process-
ing by subsequent apparatus. The LNA 116 output connects
to a filter 120 which may be configured to perform additional
filtering or processing, such as for example band pass filtering
or processing to mitigate the effects of the wireless channel.

After filtering, a mixer 124, also known as a down-con-
verter, processes the recerved signal 1n conjunction with a
signal from a signal generator 128. The mixer may be con-
figured to extract a base band signal by multiplying the
received signal at a carrier frequency with a signal from the
signal generator that 1s also at the carrier frequency. As 1s well
understood, the mixer 124 outputs the desired carrier signal.

The output from the mixer 124 feeds into a base band
processor and controller 140 configured to recerve and pro-
cess the incoming base band signal. In one embodiment, the
base band processor and controller 140 converts the incoming
signal to a digital format, processes the digital signal, and then
creates an analog signal which 1s provided to a speaker 144.
Alternatively the digital signal may be provided directly to a
data port 148. In this embodiment, the base band processor
and controller 140 1s 1n communication with the signal gen-
crator 128 to synchronize operation.

The base band processor and controller 140 1s also config-
ured to communicate data to and from a user interface 152,
such as with one or more keys or buttons, and a display 156
configured to display text, graphics, or other information to a
user.

To perform transmission of outgoing signals, the base band
processor and controller 140 may recerve a signal from a
microphone 160 or digital data from the data port 148. Upon
receipt of an outgoing signal, the base band processor and
controller 140 processes the outgoing information to a base
band signal and outputs this base band signal to a mixer 164,
which may also be referred to as an up-converter. The mixer
164 multiplies the base band signal with an input from the
signal generator 128 at the desired carnier frequency. The
resulting outgoing signal comprises the base band signal
modulated to the carrier frequency and 1s ready for filtering,
and processing by the filter 168 and then amplification by a
power amplifier 172 to apower level suitable for transmission
by the antenna 108 after passing through the duplexer 112.

FIG. 2 illustrates a block diagram of a second example
environment of use of the imnvention. FIG. 2 shares numerous
similarities with FIG. 1 and thus, wherein the aspects that
differ from FIG. 1 are discussed 1n detail. The embodiment of
FIG. 2 1s directed to a base station 208 or non-mobile com-
munication device configured to communicate with one or
more other communication devices. In this configuration,
which may represent a base station communication system
208, the base band processor and controller 140 communicate
with a network interface 204. The network interface 204 may
be configured to receive one or more signals or packet-based-
data from the processor and controller 140. The one or more
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signals or packet-based-data 1s output to a computer network,
internet, PSTN, or other medium that interfaces with a tele-
phone network, data network, or cellular communication sys-
tem. When configured as a base station 208, the system shown

in FI1G. 2 facilitates completion of a mobile telephone call, 5
such as a telephone call from a cell phone or to a land line.
These calls are often completed via the network interface 204

ol the base station 208.

FIG. 3 1llustrates a prior art amplifier which suffers from
the drawbacks described above. As would be understood this 10
circuit diagram 1s a simplified version that 1s usetul for mod-
cling and for purposes of discussion herein. One of ordinary
skill 1n the art will appreciate that the circuits shown herein
may require a different configuration when enabled 1n a wire-
less communication device. Moreover, to aid in understand- 15
ing only the relevant aspects of the circuit are described and
discussed 1n detail herein.

In FIG. 3, a power source 304 1s shown to provide power to
the amplifier and to establish biasing as discussed below. A
transistor 306 connects to the power source as shown and 1s
configured to establish a biasing current through an inductor
316 and to a transistor 312. In this configuration a transistor
308 and the transistor 312 are configured as a current mirror
and selected to mirror the current in transistor 308 by the
designed ratio of the current mirror. The output signal 1s
provided on an output 320.

In this embodiment the bias current flows through the
inductor 316 to transistor 312. The transistor 312 also
receives an input signal on an mput 324. Appropriate DC
blocking capacitors 326 are provided on the input and output
as shown. During operation, a signal provided on the input
324 i1s amplified by the transistor 312 and provided on the
output 320. The output 320 may connect, either directly or
indirectly to an antenna (not shown 1n FIG. 3). Power ampli-
fication 1s at a level sulilicient to drive the antenna to radiate

the signal to a recerving unit or base station depending on the
environment of use.
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The amplifier shown in FI1G. 3 1s terminated using an induc-
tor 340 and a capacitor 344 to ground. This provides a path
from the output of the transistor 312 to ground to thereby
terminate unwanted energy to ground. In this configuration, 11
the capacitor 344 1s selected to be large capacitance, then any
low frequency oscillation will flow through capacitor 344 to
ground. This however, requires an undesirably large capacitor
344, such that for low frequencies the capacitor will appear as
a low resistance.

40

45

A teedback loop comprising a capacitor 330 and a resistor
334 connect to the input of the transistor 312 and the output
node of the transistor 312 as shown. This feedback loop 5
provides stability. By selecting the appropriate capacitor
value, feedback will be provided through the feedback loop to
maintain stability at low frequency. However, to establish the
right level of feedback requires an undesirably large value
capacitor 330. 55

For example, if the capacitor 330 was selected at 5 pf for a
wireless device configured for a frequency band of 900 MHz
or 2 GHz, the effective impedance would be a few tens of
ohms. IT however, a low frequency oscillation, such as at 10
MHz, was present at the input to the transistor 312, the capaci- 60
tor 330 would appear as an impedance of approximately 3000
or more ohms. Such a large resistance 1 the feedback loop
prevents feedback current flow thereby eliminating stability
providing feedback, 1.e. a feedback cancellation signal. As a
result, a large value capacitor 330 1s utilized to allow for 65
teedback at low {frequencies. Although maintaiming the
desired feedback level, such large capacitor values require

6

undesirable physically large capacitors which are not feasibly
integrated and hence must be undesirably located as a discrete
off chip element.

As discussed above, the antenna’s input impedance may
dynamically change and hence not be matched to the output
impedance of the amplifier output 320. Hence a retlection
from the antenna back into the output 320 may occur due to
this mismatch. This 1s undesirable because the retlection may
generate an oscillation that finds 1ts way back to the input 324
or bias input to the transistor 312.

By way of example and not limitation, for a wireless com-
munication device operating 1n the 900 MHz or 2 GHz 1fre-
quency band, when this oscillation 1s out of band, such as 1n
the frequency range of 10 MHz to 100 MHz, and 1if this
oscillation appears on the input, then the unwanted oscillation
will transmit from the antenna. As a results, the prior art
designs were relegated to using undesirably large capacitors
to prevent such out of band transmissions.

One solution 1s shown 1n the circuit configuration o1 F1G. 4.
As compared to FIG. 3, only the elements that differ {from that
shown 1n FIG. 4 are discussed. The values of the elements
shown 1n FIG. 4 or between different embodiments may
differ. In this embodiment a bias circuit 404 that can sink
current 1s shown inside the dash box 404. In particular, the
bias circuit 404 includes a transistor 420 that 1s capable of
sinking current out of the transistor 312 to control the bias and
teedback into the transistor 312. Absent the inclusion of the
transistor 420, the current through resistor 434 would aggres-
stvely turn on and potentially harm the transistor 312. An
inductor 408 1s located between the voltage amplifier 404 and
the resistor 434 to act as a high frequency choke.

One challenge with this particular circuit topology 1s how
to correctly bias the transistor 312. In this configuration, the
resistor 434 1s providing ample biasing current, some of
which 1s sourced to the bias circuit 404 and through transistor
420 to ground. One drawback to this configuration 1s an
undesirably large current consumption, due to the sinking of
current through the transistor 420. Moreover, this configura-
tion does not adequately cancel low frequency oscillation
while also allowing high gain amplification at high frequen-
cies.

FIG. SA illustrates an example embodiment of another
circuit which serves to overcome the drawbacks of the prior
art. As compared to FIG. 4, common or similar elements are
labeled with identical reference numbers. Further, it 1s con-
templated that the values of the elements may be different
between the different embodiments. In this embodiment a
capacitor 504 1s configured in parallel with the resistor 434. In
addition, an inductor 508 1s connected in series between the
resistor 434 and the inductor 408 as shown.

[l

In this configuration the capacitor 504 operates 1n conjunc-
tion with the resistor 434 to modity the resistance of the
teedback loop, shown by feedback path 550. As can be appre-
ciated, for low frequency signals, the impedance of the
capacitor 504 will appear larger. This in turn causes the
majority of the current through the resistor 434. Hence, at low
frequencies, the impedance from the resistor 434 thus domi-

nates the overall combination of the resistor 434 and capacitor
504.

Alternatively, for high frequency signals, the impedance of
the capacitor 504 approaches zero, hence negating the effects
of the resistor 434. As can be appreciated that 1s a desirable
mode of operation in that for low frequency signals, such as
out of band low frequency oscillations, feedback 1s provided
through the resistor 434 through the small value capacitor
504, which will appears as a small impedance.
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With regard to inductor 408, 1t behaves 1n a dynamic man-
ner with regard to frequency to appear as an open circuit to
high frequencies and a short to low frequencies. Hence, to a
low frequency reflected signal, it appears as a short, thereby
providing the desired feedback signal to maintain stability. To
high frequency signals, 1t appears as a choke to prevent RF
signals from entering the biasing aspects 404 of the circuit.

A small value capacitor 504 may be utilized in this embodi-
ment and when selected 1in connection with the proper value
of resistor 434 the low frequency feedback may be maxi-
mized while high frequency feedback 1s minimized. It 1s
contemplated that one of ordinary skill 1n the art may appro-
priately select capacitor 504 and inductor 508 to tune the
teedback path to achieve the desired frequency response
which will provide teedback capable of canceling or reducing,
out of band oscillations. For example, at high frequencies, the
capacitor 504 and inductor 508 may be selected to enable the
transistor 312 into a high gain state. Likewise, for low fre-
quencies signals, such as out of band oscillation, these values

may be configured for zero gain level.

As a benefit to this configuration, the capacitor 504 and
inductors 508, 408 may be enabled as integrated elements on
or within the integrated circuit. These elements are small 1n
size and do not consume an undesirably large amount of
space. In addition, off chip capacitors may be avoided thereby
reducing the cost and size of the entire circuit configuration.

The configuration shown 1n FIG. SA 1s counter-intuitive
because 11 configured with only the biasing circuit (amplifier
with current sink capability), the circuit does not operation in
an 1deal manner. In particular, without the biasing circuit 404
the DC feedback will cause the device to DC saturate, thereby
rendering the circuit inoperable. Likewise, with only the addi-
tion capacitor 504 and inductor 508, the circuit would become
unstable. Through the combination of these two counterintui-
tive design elements, each of which individually yield unde-
sirable results, a beneficial configuration 1s realized which
overcomes the drawbacks of the prior art. In general, the
configuration shown and described herein establishes ampli-
fier stability at very low frequencies and does not require use
of discrete components. Moreover, the loop gain improves the
bias network impedance.

FI1G. 5B 1llustrates an alternative embodiment of the circuit
shown 1n FIG. 5B. In this configuration, the voltage amplifier
configured with current sink capability 1s shown generally as
a voltage amplifier 580. In one embodiment the amplifier
comprises an operational amplifier.

It 1s further contemplated that in any embodiment, varia-
tions 1n the type of amplifier or semiconductor device may
adopted. One of ordinary skill 1n the will recognize that this
invention 1s appropriate and capable of enablement with a
common emitter or common source amplifier, using either an
N-type or P-type, bipolar or a FET type transistor. In such a
configuration it 1s contemplated that the biasing circuit may
serve to regulate bias current and/or voltage to the amplifier.
For example, the biasing circuit may source current, sink
current, or a combination of both depending on the amplifier
configuration.

While various embodiments of the invention have been
described, it will be apparent to those of ordinary skill 1n the
art that many more embodiments and implementations are
possible that are within the scope of this mvention. In addi-
tion, the wvarious {features, elements, and embodiments
described herein may be claimed or combined in any combi-
nation or arrangement.
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What 1s claimed 1s:

1. A method for reducing out of band oscillation from an
amplifier 1n a wireless communication device, the method
comprising:

biasing a power amplifier with a biasing circuit, wherein
the biasing circuit 1s configured to sink current;

recerving an input signal at an amplifier input;

amplifying the mput signal to create an amplified signal;
providing the amplified signal to an amplifier output and an
amplifier feedback loop; and

selectively passing a portion of the amplified output signal
through the amplifier feedback loop to the amplifier
input, wherein the portion of the amplified signal pro-
vided to the amplifier input reduces out of band oscilla-
tion.

2. The method of claim 1, wherein the amplifier feedback

loop comprises a resistor in parallel with a capacitor.

3. The method of claim 1, wherein the feedback comprises
low frequency feedback and high frequency feedback and
more low frequency feedback 1s provided than high fre-
quency feedback.

4. The method of claim 1, wherein the amplifier feedback
loop comprises any combination of one or more resistors, one
Or more capacitors, or one or more iductors.

5. The method of claim 1, wherein the out of band oscilla-
tions comprise retlections from an antenna that are at a fre-
quency lower than the operating frequency band of the wire-
less communication device.

6. The method of claim 1, wherein the bias circuit config-
ured to sink current draws biasing current away from the
amplifier to maintain desired biasing.

7. The method of claim 1, wherein the power amplifier
comprises a common emitter or common source amplifier,
using either an N-type or P-type, bipolar or FET type transis-
tor.

8. An amplifier output stage for use in a wireless commu-
nication device comprising:

an output amplifier having an output node, an 1input node,
and a biasing node;

a feedback loop, associated with the output amplifier, con-
necting the output node and the biasing node, wherein
the feedback loop comprises a resistive network config-
ured to pass feedback to the amplifier input node to
prevent out of band oscillations; and

a biasing network configured to sink current from the feed-
back loop away from the biasing node to thereby main-
tain bias of the output amplifier.

9. The amplifier output stage of claim 8, wherein the feed-
back loop comprises any combination of resistors, inductors,
Or capacitors.

10. The amplifier output stage of claim 8, wherein the
amplifier comprises a common emitter or common source
amplifier, using either an N-type or P-type, bipolar or FET
type transistor.

11. The amplifier output stage of claim 8, wherein the
teedback 1s frequency dependant.

12. The amplifier output stage of claim 8, wherein the
teedback loop 1s configured to selectively pass a portion of the
amplified output signal through the amplifier feedback loop
to the amplifier input, wherein the portion of the amplified
signal provided to the amplifier input reduces out of band
oscillations.

13. The amplifier output stage of claim 8, wherein the
biasing network 1s configured to sink current provides a bias-
ing voltage to the biasing node while drawing feedback cur-
rent away from the biasing node.
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14. The amplifier output stage of claim 8, wherein the
output node provides an amplified output signal to an
antenna.

15. The amplifier output stage of claim 8, wherein the
teedback loop comprises integrated elements.

16. An amplifier configured to provide an amplified output
signal to an antenna node configured to connect to an antenna
which 1s capable of creating a reflection signal which induces
a low frequency, out of band oscillation signal, the amplifier
comprising;

a first bias circuit configured to provide a biasing voltage to

a biasing node and sink current from the biasing node to
a ground node;

an amplifier configured to amplify an input signal received
at an amplifier input node and provide an amplified input
signal to an amplifier output node, which electrically

connects to an antenna, wherein the amplifier 1s biased
by the biasing voltage on the biasing node; and

a feedback loop electrically interconnecting the amplifier

input node and the amplifier output node and comprising
a feedback network configured to feedback out of band

signals to thereby cancel out of band oscillation signals
which are generated by reflections from the antenna.
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17. The amplifier of claim 16, wherein the feedback net-
work comprises a resistor 1n parallel with a capacitor.

18. The amplifier of claim 16, wherein the amplifier 1s
configured to operate 1n the band of 800 to 900 MHz or 1.7 to
2.1 GHz.

19. The amplifier of claim 16, wherein the bias circuit
comprises an operational amplifier.

20. The amplifier of claim 16, wherein the feedback net-
work 1s configured as only integrated elements 1n an inte-
grated circuit.

21. The amplifier of claim 16, wherein the out of band
oscillation 1s 1n the frequency range of 20 MHz to 200 MHz.

22. The amplifier of claim 16, wherein the amplifier 1s
configured on a single die and the capacitance values are less
than 100 picofarads.

23. The amplifier of claim 16, wherein the feedback net-
work comprises a resistor.

24. The amplifier of claim 16, wherein the feedback 1s
frequency dependant.

25. The amplifier of claim 16, wherein the amplifier com-
prises a common emitter or common source amplifier, using
either an N-type or P-type, bipolar or FET type transistor.
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